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| INTRODUC TI ON
Urinalysis is a process that includes evaluation of physical characteristics, chemical analysis, and microscopic sediment examination.
The manual method of examining urine is time-consuming, labor-intensive, and it requires well-trained technicians. The manual method is also associated with some inherent subjectivity, which can lead to staff-related variability. Automated urine analyzers were developed to improve laboratory productivity and to reduce interobserver inconsistency. [1] [2] [3] Our center is a 2300-bed university-based national tertiary referral hospital that is located in Bangkok, Thailand. Our clinical pathology laboratory receives an average of 500 urine samples per day that must be processed by 7 staff technicians. This high workload was found to be associated with delayed reporting of urinalysis results, workload-related stress. In response, our department set forth to improve the urinalysis process in 2014 by integrating fully automated instrumentation, the lean management approach, and autoverification into the urinalysis workflow process.
The lean management approach or principle, which was first introduced by Toyota in 1990, is the foundation of the Toyota Production System. 4, 5 The essence of lean management is the elimination of waste, and the elevation of value via reductions in error rates, waiting times, and other factors that reduce efficiency. 6, 7 Although the concept of lean management and/or manufacturing found its start in the industrial sector, it has now been integrated into the healthcare sector where it was found to improve the quality of services and safety, to reduce turnaround times, and to reduce costs. [5] [6] [7] [8] [9] Autoverification is a process by which laboratory results are released to a physician without manual intervention. This is accomplished by programming the laboratory information system (LIS) and/or instrument middleware software with the criteria that determines which information is released, when, and to whom.
Autoverification in our laboratory facilitates the release of normal urinalysis result data to physicians automatically. Autoverification reduces the time and manpower needed to manually review results, and it also reduces the mental fatigue and potential for error that are associated with the verification of large volumes of laboratory result data. [10] [11] [12] [13] [14] Since the sample collection and transportation components of the process are not managed by laboratory staff, we used analytical turnaround time (TAT) as the parameter to measure laboratory performance. TAT is defined as the time duration between the time the specimen is received and the time the results of urinalysis are reported. Ninetieth (90th) percentile TAT was reported to be the best measure for summarizing the frequency of mishaps and tracking further improvement. 15 The aim of this study was to evaluate TAT compared between our previous urinalysis workflow process and our new urinalysis workflow process that incorporates the use of fully automated instrumentation, the lean management approach, and autoverification. 
| MATERIAL S AND ME THODS

| Urinalysis workflow process with lean analysis
The urine analyzer that was used as part of the old urinalysis process could only analyze the physical and chemical properties of urine specimens. The value of urinalysis workflow process was the result with turnaround time less than 60 minutes. Due to the high workload, we received the complaint about the delay reporting of urine results around 1-2 times/day from the customer feedback. The waste and how to eliminate them are mentioned in the Table 1 . The specimen volume and TATs in 3-hour intervals are shown in Figure 4 . The two highest TATs were during 9:00 am to 12:00 pm and 6:00 am to 9:00 am Specimens were severely overdue during the 9.00 am to 12.00 pm time period in 2012, but the 90th percentile TAT duration during that time period greatly decreased after implementation of the new process in 2014 (72 to 54.6 minutes, respectively).
| Statistical analysis
| RE SULTS
Mean ± SD and median with range of TATs compared between the previous process and the new process are shown in Table 2 Figure 5 . The significance level for the overall data was 0.01, but that increased to <0.005 when each interval was individually evaluated. The mean TAT during both 6:00 am to 9:00 am and 9:00 am to 12:00 pm was approximately 42 minutes in 2012; however, that duration was reduced to approximately 30 minutes for both of those time periods in 2014.
Moreover, specimens that report within 60 minutes in both intervals increase from approximately 80% to more than 95%. 
| D ISCUSS I ON
Autoverification and the integration of lean management principles are essentially important factors for increasing efficiency within laboratories. [5] [6] [7] [8] [9] [10] [11] [12] [13] In this study, we present and describe our experience with a new urinalysis workflow process that includes fully automated instrumentation, autoverification, and the lean management approach in a university-based medical laboratory. In 2014, our laboratory analyzed the workflow of urine process and found waste which was using man power in many steps (microscopic examination for urine sediments, verification and approve of urinalysis results), unnecessary microscopic examination in negative urine, and variations from sediment analysis. So we improved the procedure by using a fully urine automated analyzer and set the criteria for autoverification for standardization of urine results and reduce the need of human by decrease the rate of review by microscopic as well as using computer release and approval results instead of laboratory staff. 16 Many studies showed the benefit of urine analyzers which are convenience, time-saving, accurate, and standardization. [18] [19] [20] [21] [22] [23] This study revealed the benefit of fully automated urine analyzer combined with management of workflow and autoverification. After implementation of the new process in our laboratory, the review rate of microscopic examination was around 50%. 16 This rate was more than median rate from Sysmex participant of CAP Q-Probes study which only 32%. 24 In this study, there were 13 from 88 laboratories that used an automated microscopic analyzer (Iris = 7 laboratories and Sysmex = 6 laboratories). Most of them used flags from automated microscopic analyzer. There are two reasons that our laboratory performed more manual microscopic method. First, our hospital is the tertiary care and academic hospital so we have many complex patients. Second, we set our criteria which united between chemistry part and microscopic part of the analyzer which different from that study.
Through the analysis of sample volume, we found that an increase in urine sample volume was observed during 2012 to 2014, the TATs were significantly reduced. In order to assess the performance of the urinalysis examination during a day, we analyzed the volume of However, the data demonstrated that if the specimen volume less than 40 specimens/3-hour intervals (around 300 samples/day) the 90th percentile TAT and percentage of specimen that report within 60 minutes were similar in both workflows.
The fully automated analyzer can increased effectiveness by high-throughput, savings on disposable products, and relocating operators 3 as the same as our laboratory that one staff reposition to another area of the laboratory.
This study has some limitations. First, even though this study used retrospective data, which is regarded in most cases as being a weakness or vulnerability, all data were complete and accurate.
Second, even though this is a single-center study, our laboratory is the largest in Thailand, and the mean daily volume of specimens that requires evaluation is approximately 500. Third, an authentic limitation of this study is that we used only TAT as a parameter to F I G U R E 5 Specimen that report with in 60 minutes in 3-hour intervals during the 24-hour period of a day 80 85 90 95 100 0 to 3 3 to 6 6 to 9 9 to 12 12 to 15 15 to 18 18 to 21 21 to 24 % Hour Previous process New process measure productivity. Cost-effectiveness, error rate, and patient/ physician/laboratory staff satisfaction are other parameters that can and should be studied in the future.
In conclusion, the results of this study revealed our new urinalysis workflow process that incorporates fully automated instrumentation, the lean management approach, and autoverification to be effective for significantly increasing productivity as measured by analytical TAT.
